The extracts of five Cambodian medicinal plants (Aganosma marginata, Dracaena cambodiana, Harrisonia perforata, Hymenodictyon excelsum and Vernonia cinerea) were evaluated in vitro for their cytotoxic activity against HT29 colon adenocarcinoma cells and HepG2 hepatoma cells, using the MTT assay. Among these five plants, Vernonia cinerea displayed potent cytotoxicity. One main sesquiterpene lactone, 8α-tigloyloxy-hirsutinolide-13-O-acetate was isolated from the whole plant of V. cinerea. This compound was active against both cancer cell lines (IC 50 = 3.50 µM for HT29 and IC 50 = 4.27 µM for HepG2). To quantify this compound in the plant, an analytical high-performance liquid chromatography (HPLC) method was developed and validated.
According to the World Health Organization (WHO), 13% (about 7.6 million) of deaths worldwide were due to cancer in 2008, and this percentage has continued to increase [1] . The fight against this disease thus represents a priority. The efficacy of cancer chemotherapy is limited by the development of drug resistance and severe side effects. Because of these limitations, there is an urgent need to improve the therapeutic treatment. Natural compounds have long been considered an excellent source of pharmaceutical agents and they take an important place in the discovery of new drug discovery. Over 60% of the current anticancer drugs used in chemotherapy are derived from natural sources [2] . As part of our continuous interest in Cambodian herbal remedies which represent a potential for the discovery of new anticancer compounds, we have selected five medicinal plant species: Aganosma marginata G. Don, Dracaena cambodiana Pierre ex Gagnep., Harrisonia perforata (Blanco) Merr., Hymenodictyon excelsum Wall. and Vernonia cinerea Less. (Table 1) , guided by a previous pharmacological study [3] . In this work, we evaluated the antiproliferative activity of different extracts obtained from these five plants on two human cancer cell lines (HT29 and HepG2) using the MTT assay. We aimed to select active extracts for initial fractionation in order to isolate and elucidate the constituents with potential anticancer activity.
Results demonstrated that among the five plants, Vernonia cinerea was the most promising in respect of finding cytotoxic activity, followed by Dracaena cambodiana and Harrisonia perforata ( Table 2) . Dichloromethane extracts of Dracaena cambodiana (root) and Harrisonia perforata (bark and root) showed a significant cytotoxic activity against the HT29 cell line, with a percentage of cell viability at a single concentration of 50 µg/mL of 19.9%, 19.2% and 27.0%, respectively. The methanol extract of H. perforata (bark) had significant activity against the HT29 cell line with a percentage of cell viability of 23.3%. Moderate cytotoxic activity against the HepG2 cell line was observed for three extracts of H. perforata, the methanol extract of the bark and the two dichloromethane extracts of the bark and root, with a percentage of cell viability respectively of 44.7%, 38.0% and 46.1%. Cambodianol, a cytotoxic homoisoflavonoid, has been previously isolated from the stem of D. cambodiana [4] . The presence of this compound in the stem could be responsible for the cytotoxicity observed in our study. Cytotoxicity observed for the extract from the bark of H. perforata could be explained by the presence of quassinoids, known principles of the Simaroubaceae family [5, 6] . Cytotoxic activity is one of the most outstanding properties of the quassinoids and has been well studied [7] . Among the five tested plants, V. cinerea was the only one that exhibited noteworthy antiproliferative activity on both cancer cell lines. Both methanol and dichloromethane extracts of the whole plant displayed substantial cell growth inhibition ( 90% inhibition of cell proliferation) against HT29 and HepG2 cells lines. Recent studies have reported the in vivo antitumoral potential of V. cinerea extracts [8, 9] .
Among these five plants, V. cinerea displayed a significant cytotoxic activity against both tested cancer cell lines. Fractionation by flash chromatography led to the isolation of a major compound (1) , which was identified from its NMR spectra and according to our previous study [10] . The structure of this compound is 8α-tigloyloxy-hirsutinolide-13-O-acetate ( Figure 1 ), a sesquiterpene lactone belonging to the hirsutinolide class. Extraction of V. cinerea whole plant led to the isolation of a major sesquiterpene lactone. This compound was evaluated against both cancer cell lines (HT29 and HepG2) and displayed a potent in vitro cytotoxicity. The IC 50 values were determined for the crude extracts and the isolated compound 1 ( Table 3 ). An anticancer drug, 5-fluoro-uracil (5FU), was used as a positive control. Methanolic and dichloromethane extracts showed significant cytotoxicity against HT29 and HepG2 cell lines with IC 50 < 30 g/mL. The isolated compound 1 from V. cinerea presented an IC 50 value similar to that of the positive control 5FU, 4.3 ± 0.2 versus 5.4 ± 0.9 µM against HepG2. A previous study has reported the cytotoxicity of other sesquiterpene lactones (vernolides A and B) isolated from V. cinerea against KB, DLD-1, NCI-661, and Hela tumor cell lines [11] .
An HPLC method has been developed and validated to quantify this bioactive compound, 8α-tigloyloxy-hirsutinolide-13-O-acetate (1), in V. cinerea. The correlation coefficient value for compound 1 indicated excellent linearity (r 2 > 0.9971). The results of intra-and inter-day precision led to a satisfactory %RSD of 2.98% and 2.58%, respectively. As shown in Table 4 , the mean recoveries of compound 1 ranged from 100.6 to 101.2%.
The reliable limits of detection and quantification of compound 1 were found to be 17 ng/mL and 67 ng/mL, respectively. From the Table 5 ). The chromatographic profiles of V. cinerea whole plant extracts collected from the 3 Cambodian regions were similar. Quantitative differences (0.08 to 0.13% of 1) were observed for the three analyzed samples ( Table 5 ). This HPLC method was also used to analyze crude extracts of V. cinerea tested for cytotoxicity. The dichloromethane extract had the most important content of compound 1 ( Table 5 ). In our cytotoxicity assay, the methanolic extract displayed the best activity, which can be partly explained by the content of compound 1. However, polar compounds were observed in the chromatographic profile of this extract in comparison with the dichloromethane extract. These polar compounds could be involved in the cytotoxicity activity of the methanolic extract.
Experimental
Plant materials: Aganosma marginata, Dracaena cambodiana, Harrisonia perforata, Hymenodictyon excelsum and Vernonia cinerea were selected for this study. These species, collected in different Cambodian provinces (Table 1) , were identified by Pr. S.K. Cheng. Voucher specimens were deposited in the Pharmacognosy and Ethnopharmacology Laboratory, Pharmacy Faculty of Marseille.
Plant extraction for cytotoxic screening:
Three different extracts were prepared from powdered plant materials using water, methanol and dichloromethane.
Aqueous extraction: Plant powder (10 g) was added to 150 mL of boiling distilled water in a microwave oven (Panasonic) at 2680 W. The aqueous extract obtained after hot filtration was lyophilized.
Methanolic extraction: Plant powder (10 g) was added to 100 mL of methanol and placed under magnetic agitation for 30 min. Two
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Dichloromethane extraction: Plant powder (10 g) was added to 100 mL of dichloromethane and placed under magnetic agitation for 30 min. Two further extractions were performed under the same conditions for 30 min with 50 mL of dichloromethane. The organic layers were combined and concentrated using a rotary evaporator. Briefly, cells were dispensed to 96-well plates at a concentration of 3000 cells per well for HT29 and 10,000 cells per well for HepG2 and allowed to attach for 24 h at 37°C. All extracts were tested at a single dose of 50 g/mL (8 wells per extract) in duplicate plates. After 72 h incubation, the medium was replaced with 100 L of MTT solution. After 2 h at 37°C, the supernatant was discarded and the remaining cell pellet was resuspended in 200 L of DMSO. The optical density (OD) of the formazan solution was measured at 570 nm by an automated microplate reader (ELx808, BioTEK, France). The percent of viable cells was determined by comparing the average absorbance in drug-treated wells with average absorbance in control untreated wells. The linearity of the HPLC method was evaluated by analyzing a series of 6 different concentrations of compound 1 standard solution (n=3). The precision of the method was evaluated with respect to both intra-and inter-day precision. Intra-day precision was calculated from the analyses of 6 sample solutions prepared independently on day 1, as described above. Inter-day precision was performed using the same repeatability parameters on 2 other days. The accuracy of the analytical method was evaluated using the recovery test. This involved the spiking of known quantities of compound 1 solution into the real samples. Standard solutions were prepared at 3 concentration levels (50, 100 and 200%). At each level, samples were analyzed in triplicate using the previous chromatographic conditions. The limits of detection (LOD) and quantification (LOQ) were determined depending on the approach signal-to-noise ratio of 3 and 10, respectively. The loss on drying of the plant drug was also reflected in the calculation.
Chemicals and reagents: RPMI

Cytotoxicity of
V. cinerea harvested from three provinces in Cambodia (Kandal, Kampong Cham and Kampong Speu) were analyzed to quantify the major compound 1. This was also quantified in crude extracts (aqueous, methanolic and dichloromethane) of the whole plant from Kandal province ; the extracts were also tested for cytotoxic activity on HT29 and HepG2 cells.
